Abstract-The aim of study is developing a fuzzy decision model to select appropriate operating system for computer systems of the firms by taking subjective judgments of decision makers into consideration. Proposed approach is based on Fuzzy Analytic Hierarchy Process (FAHP) and TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) methods. FAHP method is used in determining the weights of the criteria by decision makers and then rankings of the operating systems are determined by TOPSIS method. Empirical study has also been demonstrated.
INTRODUCTION
Today, the technology is developing at an incredible speed. With the acceleration of the development in the field of technology, it becomes necessary to take decisions more frequently for the update of the technology. Therefore, firms and organizations should consider the changes and update the information technologies so that they can create more efficient working environment and labor force and so doing, they can keep up with the technological advancements. One of these technology-related changes occurs in relation to the indispensable part of the computer; that is operating systems. Operating system is system software responsible for the direct control and management of the hardware, basic system operations and operating the programs of application. It provides the links to the memory, input/output devices and file system. If more than one program are operating simultaneously, the operating system is responsible for reserving enough sources for each of them in the system and preventing overlapping among these programs. Traditional engineering economy models overlook the benefits intrinsic to the operating systems and hence, comprehensive multi-criteria decision making techniques (TOPSIS, ELECTRE, Analytic Hierarchy Process (AHP), PROMETHEE etc.) are needed for the solutions of the problems [27] .
Multi-criteria decision making refers to find the best opinion from all of the feasible alternatives in the presence of multiple, usually conflicting, decision criteria [11] . AHP technique investigated in the present study is a multi-criteria decisionmaking technique developed by Saaty [23] . Although traditional AHP technique may display expert knowledge, it can not reflect human thinking [14] . Therefore, FAHP technique was developed [28, 2, 4] . TOPSIS method was firstly proposed by Hwang and Yoon [10] . According to this technique, the best alternative would be the one that is nearest to the positive ideal solution and farthest from the negative ideal solution [19, 1] . FAHP and TOPSIS methods can be used together for complex decision problems [6, 8, 9, 22, 25] . Tolga et. al. [27] dealt with the problems of selecting operating system by using Fuzzy Replacement Analysis and AHP. In the present study, on the other hand,
FUZZY SETS AND FUZZY NUMBERS
Zadeh [31] introduced the fuzzy set theory, which was oriented to the rationality of uncertainty due to imprecision or vagueness. A major contribution of fuzzy set theory is its capability of representing vague data [15] . Fuzzy sets and fuzzy logic are powerful mathematical tools for modeling: uncertain systems in industry, nature and humanity; and facilitators for common-sense reasoning in decision making in the absence of complete and precise information [8] . The classical set theory is built on the fundamental concept of set of which is either a member or not a member. A sharp, crisp and unambiguous distinction exists between a member and non-member for any welldefined set of entities in this theory and there is a very precise and clear boundary to indicate if an entity belongs to the set. But many real-world applications cannot be described and handled by classical set theory [5] . A fuzzy set is an extension of a crisp set. Crisp sets only allow full membership or non-membership at all, whereas fuzzy sets allow partial membership.
Fuzzy numbers are the special classes of fuzzy quantities. A fuzzy number is a fuzzy quantity M that represents a generalization of a real number r. Intuitively, M(x) should be a measure of how well M(x) "approximates" r [21] . A fuzzy number M is a convex normalized fuzzy set. A fuzzy number is characterized by a given interval of real numbers, each with a grade of membership between 0 and 1. It is possible to use different fuzzy numbers according to the situation. Generally in practice triangular and trapezoidal fuzzy numbers are used [16] . In applications it is often convenient to work with triangular fuzzy numbers (TFNs) because of their computational simplicity, and they are useful in promoting representation and information processing in a fuzzy environment [8] . A triangular fuzzy number, M is shown in Figure 1 TFNs are defined by three real numbers, expressed as (l, m, u). The parameters l, m, and u, respectively, indicate the smallest possible value, the most promising value, and the largest possible value that describe a fuzzy event. Their membership functions are described as;
There are various operations on triangular fuzzy numbers. But here, three important operations used in this study are illustrated. If we define, two positive triangular fuzzy numbers (l 1 , m 1 , u 1 ) and (l 2 , m 2 , u 2 ) then:
Other algebraic operations with fuzzy numbers can be found in [32, 12, 13] .
FUZZY AHP
There are many FAHP methods in literature [28, 2, 4] . Let = be a goal set. According to the method of Chang [3, 4] extent analysis, each object is taken and extent analysis for each goal, g i , is performed, respectively. Therefore, m extent analysis values for each object can be obtained, with the following signs: , , (6) and to obtain 
and then compute the inverse of the vector above, such that:
Step 2: As ) , , (
are two triangular fuzzy numbers, the degree of possibility of ) , , ( ) , , (
and can be equivalently expressed as follows: 
Step 3: The degree possibility for a convex fuzzy number to be greater than k convex fuzzy M i (i=1, 2, k) numbers can be defined by
. Then the weight vector is given by
are n elements.
Step 4: Via normalization, the normalized weight vectors are
where W is a non-fuzzy number.
TOPSIS METHOD
TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) is one of the useful Multi Attribute Decision Making techniques that is very simple and easy to implement, so that it is used when the user prefers a simpler weighting approach. On the other hand, the AHP approach provides a decision hierarchy and requires pairwise comparison among criteria. The user needs a more detailed knowledge about the criteria in the decision hierarchy to make informed decisions in using the AHP [18] . TOPSIS method was firstly proposed by Hwang and Yoon [10] . According to this technique, the best alternative would be the one that is nearest to the positive ideal solution and
farthest from the negative ideal solution [1] . The positive ideal solution is a solution that maximizes the benefit criteria and minimizes the cost criteria, whereas the negative ideal solution maximizes the cost criteria and minimizes the benefit criteria [29, 30] . In other words, the positive ideal solution is composed of all best values attainable of criteria, whereas the negative ideal solution consists of all worst values attainable of criteria [8] . In this study, TOPSIS method is used for determining the final ranking of the operating systems. The method is calculated as follows:
Step 1. Decision matrix is normalized via Eq. (15): Step 2. Weighted normalized decision matrix is formed:
* , 1, 2, 3,..., , 1, 2,3,...,
Step 3. Positive ideal solution (PIS) and negative ideal solution (NIS) are determined: Step 4. The distance of each alternative from PIS and NIS are calculated: Step 5. The closeness coefficient of each alternative is calculated:
Step 6. By comparing CC i values, the ranking of alternatives are determined.
EMPIRICAL STUDY
A numerical example is illustrated and trial data is used for selecting best operating system according to decision maker or expert preference. Assume that three operating systems: A, B, C are evaluated under a fuzzy environment. For selecting operating system, main criteria C 1 -C 7 and their sub-criteria which are used in application, are explained in section two. Figure 3 shows the all main criteria and sub-criteria in hierarchic view. To create pairwise comparison matrix, linguistic scale is used which is given in Table 1 . Strong Importance
Experience and judgment strongly favor one activity over another (3, 5, 7) (1/7,1/5,1/3)
Very Strong Importance
An activity is favored very strongly over another, its dominance (5, 7, 9) (1/9,1/7,1/5) Demonstrated Importance
The evidence favoring one activity over another is highest possible order of affirmation (7, 9, 11) (1/11,1/9,1/7)
According to decision maker's preferences for main criteria, pairwise comparison values are transformed into TFN's as in Table 2 . After forming fuzzy pair-wise comparison matrix, weights of all criteria and sub-criteria are determined by the help of FAHP. According to the FAHP method, firstly synthesis values must be calculated. From Table 1 , synthesis values respect to main goal are calculated like in Eq. (5) These fuzzy values are compared by using Eq. (11) and these values are obtained: Weights of sub-criteria are shown in Fig. 3 . Priority values of operating systems for each sub-criteria are given in (20) . Then closeness coefficient of each operating system is calculated by using Eq. (21) and the ranking of the operating systems are determined according to these values in Table 5 . Considering the Table 5 , preferred operating system is B for decision maker's preference. Different rankings can be obtained by using different decision maker's preference values. 
CONCLUSION
With the selection of appropriate operating system, organizations may have some positive results in a world of competition and globalization such as decreased the costs, time-efficiency and increased quality and increased work performance. In this paper, FAHP and TOPSIS are integrated for selection of best operating system. FAHP is used for determining the weights of the criteria and priority values of operating systems for sub-criteria. Then TOPSIS method is used for determining the ranking of the operating systems. FAHP is a useful approach for evaluating complex multiple criteria alternatives involving subjective and uncertain judgment. TOPSIS is one of the wellknown outranking methods for multiple-criteria decision-making and can be easily used for ranking alternatives. The integration of FAHP and TOPSIS approaches enables experts and users to efficiently select a more suitable operating system for specific purpose and requirements. In future studies other multi-criteria methods can be used to select operating systems.
